Abstract. The aim of this study was to assess the impact and efficiency of red betel leaf's extract supplementation in the diet of dairy cattle on fermentation characteristics by in vitro. The research method was experiment using completely randomized design. The evaluated treatments were R1: basal feed, R2: R1 + 15 ppm of red betel leaf (Piper crocatum) extract, R3: R1 + 30 ppm of red betel leaf (Piper crocatum) extract, R4: R1 + 45 ppm of red betel leaf (Piper crocatum) extract, R5: R1 + 60 ppm of red betel leaf (Piper crocatum) extract. The parameters measured in this study were (1) Dry Matter Digestibility (DMD), (2) Organic Matter Digestibility (OMD), (3) total Volatille Fatty Acid (VFA). (4) methane production (CH4) and (5) total gas production. The data were analyzed using analysis of variance followed Orthogonal Polynomial Test. The results showed that the suplementation red betel extract in the diet of dairy cow was significant (P< 0.01) on DMD, OMD, total gas production, methane production (CH4) and total VFA. Orthogonal Polynomial test showed the effect of treatment on Dry Matter Digestibility (DMD), total gas and CH4 gas production were in the form of cubic curve, as well as Organic Matter Digestibility (OMD) and Volatille Fatty Acid (VFA) in the form of quadrate curvewith supplementation of red betel leaf.
Introduction
Dairy farms represent the producers of a very useful food source, the milk. However, there are recently some inhibitors, one of which is productivity that may affect the condition of dairy cattle. The productivity factor has relationship with the feed and feeding. The major part of dairy feed is forage that has a relatively high content of crude fiber. The high content of crude fiber may result in a high production of methane, lower VFA production and DM digestibility (DMD), therefore, decrease the possibility of the nutrients to be used by the animal. Suharti et al. (2009) states the feed in the rumen is fermented by rumen microbes into energy. The fermentation in the rumen is conducted by fungi, bacteria, and protozoa that produce volatile fatty acids (VFA), and several kinds of gases, one of which is methane. Methane gas caused the loss of energy as much as 2-15 % of the total digestible energy (Guo et al., 2008) , may decrease DMD, decreased organic matter digestibility (OMD) and VFA production. The adverse condition may negatively affect the host animal. Therefore, the efforts to decrease methane production are required.
Methane gas is formed from the process of methanogenesys in the rumen by rumen microbes. The specific bacteria that produce primarily methane gas are called methanogens.
There is approximately 63-80 % of the methanogen that is freely active in the rumen. As much as 20-37 % (Newbold et al., 1995) of the methanogen is active symbiotically with protozoa. The methanogen-protozoa symbiosis may decrease digestibility. The bacteriophage characteristic of protozoa to fulfill its protein requirement may decrease digestibility, presumably by lowering the number of cellulolytic bacteria population that degrades crude fiber. According to Busquet et al. (2006) , principally the production of CH4 gas in the rumen is via the reduction of CO2 by H2 that is catalyzed by some enzymes produced by the methanogens. The growth of the bacteria should be inhibited in order to optimize the dietary energy utilization into VFA production. Therefore, a strategy to suppress CH4 production is needed in order to increase the possibility of nutrient absorption, greater digestion, and higher VFA production, thus, the loss of energy is minimized and converted into milk production. One of the strategies that can be used is via the addition of red betel leaf (Piper crocatum) in the diet of dairy cattle. The use of plant extracts appears as one of the most natural alternatives to the antibiotic used in animal nutrition (Sirohi et al., 2009; Yang et al., 2007; Patra and Saxena, 2010; Szumaker-strabel and Cieslak, 2010; Wanapat et al., 2007; Khalesizadeh et al., 2011; Kongmun et al.,2011; Zafarian and Manafi, 2013; Prayitno et al., 2015) . Red betel (Piper crocatum) is a traditional medical herb that has a secondary metabolite namely polyphenol more specifically flavonoid that function to inhibit the growth of gram positive, as well as gram negative microorganisms. Juliantina et al. (2009) , stated that red betel contains flavonoids, alcaloids, pholyphenolates, tannins, and aster oil that have the ability as antibacterial for gram positive and gram negative bacteria. Oskoueian et al. (2013) , stated that the secondary metabolite contents in red betel are flavonoids and alcaloids as the compounds of antibacterial agents that may affect positively on the health of the hosts and increase feed efficiency. Alfarabi (2010) informed that the flavonoids in red betel that was extracted using ethanol 70% is myricetin that is included into a group of flavonol. The contents of flavonoid such as naringin, quercetin, flavone, myricetin, cempherol and can decrease CH4 production in Methanobrevibacter ruminantium bacterium (Oskoueian et al., 2013) . Myricetin is a kind of flavonoid compound that is available in the red betel and is included in the group of flavonol, which has an ability to inhibit CH4 formation. Cushnie and Lamb (2005) informed that flavonoids are able to block the synthesis of plasma membrane, inhibit the synthesis of bacterial cell wall and nucleic acids. The inhibition of CH4 production will reduce protozoa population, in turn, it will increase DMD, OMD and VFA production in the rumen via methanogenic inhibition.
Materials and Method

Materials
The study was conducted in the Laboratory of Feedstuff Science, the Faculty of Animal Science, Jenderal Soedirman University, Purwokerto. The materials of the study were a basal feed for dairy cattle containing 13.38% of crude protein (CP), 23.27% of crude fiber (CF), and 62.21% of total digestible nutrients (TDN) and consisted of Napier grass and concentrate, rumen fluid of FH-cross dairy cattle, the extract of red betel leaves, a unit of computer, in vitro DMD, OMD, CH4 and total gas, and VFA analyzers.
Methods
Dry matter and organic matter digestibility The determinations of DMD and OMD used Tilley and Terry (1963) method, by weighing sample as much as 2 gram of DM, and putting it in an Erlenmeyer tube, plus 16 ml of rumen fluid and 24 ml of McDougall's solution, sealing the tube tightly using rubber sealer, and incubated the tube in a shaker water bath for 24 hours. The temperature of of the waterbath was kept constant at 39 O C, and was flowed with CO2 gas every 4-hour intervals to make sure that the condition was always anaerobic. After 24 hours the sealer was opened, 2 drops of HgCl2 was added to the tube in order to kill the bacteria.The samples were then filtered to separate the residues from the supernatants. The supernatant was stored for VFA analysis. The reside of each tube was added with 40 ml of HCl pepsin, reincubated for another 24 hours in a shaker waterbath at 39 O C without shaking to optimize hydrolitic digestion in aerobic condition.The residue was filtered using Whatman no.41 filter paper. The residue then was heated in an oven, 100 O C , to determine dry matter content, and at 600 O C, to determine organic matter content.
Total and methane gases
The total gas was measured using CO2 trapping method (Tjandraatmadja, 1981) , as followed: (1) the implements were connected to form a T-connector; (2) gas was taken using a syringe; (3) The gas in the syringe was injected into a serially connected tubes filled with a 5M NaOH solution; (4) the released gas then was collected in the second volumetric tube that functioned to collect CH4 gas.
VFA analysis
Prepare a vapour destilation apparatus, let it boiled. After the the destilation bulb boiled, the sample container was cleaned with aquadest. Five ml of supernatant was pipetted, poured into a sample tube of a vapour destilation apparatus. One ml of a 15% H2SO4 was added into the tube, and the destilate was collected into a 250-ml capacity erlenmeyer tube that had been filled with 5ml of NaOH, until the total volume of the destilate was 100 ml.
Two drops of phenolpthalein as a colour indicator was added into the destilate mixture. The mixture then was titrated with 0.5 N HCl until the initiation of colour change. As a blank solutioan, 5ml of 0.5 N NaOH was titrated using 0.5 N HCl.
Experimental design
The study was conducted experimentally by in vitro. Completely randomized design was used. There were 5 treatments in which each was replicated 4 times. The treatments studied were: R1, basal feed; R2, basal feed plus 15 ppm of red betel leaf extract ; R3, basal feed plus 30 ppm of red betel leaf extract; R4, basal feed plus 45 ppm of red betel leaf extract; R5, basal feed plus 60 ppm of red betel leaf extract. The variables measured in this study were: (1) dry matter digestibility (DMD), (2) organic matter digestibility (OMD), (3) Volatile Fatty Acid Production (VFAP), (4) methane gas production (MGP), and (5) total gas production (TGP). The data were analyzed using the analysis of variances and Orthogonal polymonial test.
Results and Discussion
The results of the study showed that the addition of red betel leaf extract gave a highly significant effect (P<0.01) on DMD of dairy cattle feed substrate (Table 1 ). The data indicated that the leaf betel extract was able to affect DMD of dairy cattle feed. The values of averages of of feed DM concentrations ranged from 25.96% to 38.84%. The mean values of DMD in this study were far lower compared to those of Prayitno et al. (2013), 66.06 -72.32 , who used combination herbal extract (Sapindus rarak and Garlic) in the feed of dairy cow. According to Akraim (2011) , the DMD of feed that used barley straw extract was 21.7% after 12-h incubation, and increased into 43.62% after 24-h incubation. The further test using Orthogonal polymonial in our study showed that the addition of leaf betel extract in the feed of dairy cattle was expressed by the cubic equation, Y = 38.538 -0.435 -0.0003 X 3 and a coefficient of regresion of R2 = 67.2%, meaning that the DMD of the feed was affected by leaf betel extract as much as 67.2%. Juliantina et al. (2009) stated that the ethanol extract of red betel has a potenttial as an anti bacerial agent against gram positive microorganisms (S. aureus) and gram negative (E. coli). The capacity of the extract was higher as a gram positive anti bacterial agent, relative to that as antibacterial agent for gram negative.
Gram positive bacteria for example the crude fiber degrading bacteria, are sensitive to a certain polyphenol compound (Smith et al., 2003) . The examples of the species of crude fiber/cellulolytic degrading bacteria include Fibrobacter succinogenes, Ruminococcus albus, Ruminococcus flavefaciens, Cillobacterium cellulosolvens. Flavonoiid as an methanogenic inhibition agent does not only decrease the population of protozoa, but also reduce other mocrobial populations. Oskoueian (2013) states that the additions of flavonoids such as flavon, myricetin, cathecin, rutin, and caempherol reduce the populations of almost the whole species of microorganisms in the rumen.
In general, flavonoids oppose as well as inhibit the function of cytoplasmic membrane and the synthesis of bacterium cell wall. Juliantina et al. (2009) stated that the ethanol extract of red betel has a potenttial as an anti bacerial agent against gram positive microorganisms (S. aureus) and gram negative (E. coli). The capacity of the extract was higher as a gram positive anti bacterial agent, relative to that as antibacterial agent for gram negative. Gram positive bacteria for example the crude fiber degrading bacteria, are sensitive to a certain polyphenol compound (Smith et al., 2003) . Oskoueian (2013) states that the additions of flavonoids such as flavon, myricetin, cathecin, rutin, and caempherol reduce the populations of almost the whole species of microorganisms in the rumen.
In general, flavonoids oppose as well as inhibit the function of cytoplasmic membrane and the synthesis of bacterium cell wall.
Organic matter digestibility
The results of this study showed that the addition of leaf betel extract affected highly significantly (P<0.01) on OMD in the feed of dairy cattle, in similar pattern as it did on DMD (Table  1) . Similarly Prayitno et al. (2014) found identical responds compared to this study; the decrease in DMD was followed by the decrease in OMD and vice versa. In line with the two cases, Prayitno and Hidayat (2013) stated that the degradation of OM has a close relationship with the degradation of DM.
Orthogonal polymonial analysis of this study revealed that the response of OMD to the addition of red betel leaf extract into the feed of dairy cattle was expressed in a quadratic curve, Y = 36.645 + 0.145 X -0.004 X2 with a determination coefficient (R2) = 46.54%, which indicated that the addition of red betel leaf extract contributed to the OMD as much as 46.54%. The peak point of the curve was P (15, 37.77) . The values of the means of DMD in this study were close to those of Jayanegara et al., 2006, 28.8-35 .5%, who used the agroindustry by products in their study. Sutardi (1980) stated that the value of DMD is in line with the value of OMD, because a part of DM is OM. As in case with DMD, OMD is also able to represent the quality of feed.
Total gas production
The results of this study showed that the addition of leaf betel extract affected highly significantly (P<0.01) on TGP in the feed of dairy cattle. The addition of leaf betel extract was able to decrease TGP ( Table 1 ). The decrease of TGP was assumed to be due tothe secondary metabolites in the extract, in forms of the flavonoids that are capable of suppressing the microorganisms that produce the gas. Wallace(2004) informed that plants produce several kinds of secondary metabolites as natural protection agents against the attacks of microorganisms.The highest reduction of TGP was achived by R2 (70.95%), followed successively by R5 (20.39%), R4 (8.67%), and R3 (4.65%). The decrease of TGP was assumed to be due to the secondary metabolites in the extract, in forms of the flavonoids that are capable of suppressing the microorganisms that produce the gas. Oskoueian (2013) found, the addition of a kind of flavonoid, mycetin, at a concentrtion of 4.5% (w/w) was able to decrease the TGP as much as 30.6 ml g -1 lower compared to that of control, 36.1 ml g-1, with a percentage of decrease as much as 17.97%. Orthogonal polymonial analysis of this study revealed that the response of TGP to. The addition of red betel leaf extract into the feed of dairy cattle was expressed in a cubic curve, Y = 14.97 -1.199 X+ 0.053 X2 -0.0006 X 3 with a determination coefficient (R2) = 66.21%, which indicated that the addition of red betel leaf extract contributed to the TGP as much as 66.21%, and the rest was the effects of other, undetected factors. R1, basal feed (13.38% of CP, 23.27% CF, and 62.21% of TDN); R2, basal feed plus 15 ppm of red betel leaf extractkg -1 feed dry matter; ; R3, basal feed plus 30 ppm of red betel leaf extractkg -1 feed dry matter ; R4, basal feed plus 45 ppm of red betel leaf extractkg -1 feed dry matter, ; R5, basal feed plus 60 ppm of red betel leaf extract kg -1 feed dry matter.
Methane gas production
The results of this study showed that the addition of leaf betel extract affected highly significantly (P<0.01) on methane in the feed of dairy cattle. The addition of leaf betel extract was able to decrease TGP ( Table 2 ). The decrease of CH4 production (MGP) was assumed to be due to the secondary metabolites in the red betel leaf extract in the forms of flavonoids (myricetine) that are capable of suppressing the microorganisms that produce the gas via methanogenesis.
Patra and Saxena (2010) informed that the flavonoids give the direct effects in the processes of methanogenesis and protozoa reduction. The fair decrease of CH4 production, 67.18%, was from the R2 treatment, the dairy cattle feed containing 15 ppm of Piper crocatum leaf extract. The successive decrease of CH4 production were those of R5, R4, and R3. In percentages, the decrease of CH4 productions ranged from 2.32-67.18%. These results differed from those of Bodas et al. (2008) the extracts of plants that rich in flavonoids may reduce CH4 as much as 4.7-14% after 24 hours of incubation. Kim et al. (2015) found out that the extract of the flower of Kamelia plant was able to decrease CH4, 22.61 ml g-1 lower relative to control, 29.90 ml g-1, equaled with 24.38 percentage units. The data showed that the extract of the plant was able to decrease CH4 production. The addition of plant extract into the rumen is able to inhibit methanogenesis by reducing CH4 concentration and acetate, and increasing the concentrations of propionate and butyrate (Busquet et al., 2006) . Orthogonal polymonial analysis of this study revealed that the response of CH4 production to the addition of red betel leaf extract into the feed of dairy cattle was expressed in a cubic curve, Y = 6.237 -0.476 X + 0.021 X 2 -0.0002 X 3 with a determination coefficient (R2) = 66.79%, which indicated that the addition of red betel leaf extract contributed to the CH4 production as much as 66.79%, and the rest was the effects of other, undetected factors. The decrease in CH4 concentration was assumed to be due to the inhibition of CH 4 -producing microorganism activity. The idea of mechanism of CH4 inhibition in the ruminants was revealed by Tavendale et al. (2005) via two directions; (1) indirect mechanism through the inhibition of crude fiber digestion, therefore, H2 production is reduced, (2) direct mechanism, via the inhibition of the growth and activity of the methanogenic archaea in the rumen. The inhibition of CH4 production due to the addition of red betel extract is included into the direct mechanism as it was described by Oskoueian et al.(2013) . The content of red betel extract for example flavonoids/myricetin is able to decrease CH 4 production by the bacterium of Methanobrevibacter ruminantium. The mechanism of myricetin in the inhibition of methanogenic bacteria was explained by Cushnie and Lamb (2005) , the flavonoids inhibit plasm membrane and cell wall synthesis, and the synthesis of nucleic acid. Therefore, the decrease in methanogenic bacterium population, resulted in the decrease of CH4 concentration. Animal species, breed, rumen pH, ratio of C2 to C3, methanogenic microotganism population, ration and concentrate compositions, may affect CH4 emision (Busquet et al., 2006) . The results of measurements to reveal the relationship between pH and TGP during 6, 24, and 48 hours showed that the lower the pH, the higher the CH 4 production. The results were comparable to those of Kim et al. (2015) a study using pomegrenade fruits showed that the 6, 24, and 48-hour fermentation periods resulted in the successive pHs of 7.31, 6.71, and 6.46, and yielded the increasing CH4 concentration means of 1.63, 8.31, and 22.31 ml g-1, respectively. It meant that the lower pH resulted in the higher CH4 concentration. Tillman et al. (1998) stated that the low pH of rumen may result in the increase of rumen microbial activity, which in turn, may increase digestibility and CH4 production. Prayitno and Hidayat (2013) informed that the high production of gasses is in line with high digestibility of feed and low rumen pH.
Total Volatile Fatty Acid production
The results of this study showed that the addition of leaf betel extract affected highly significantly (P<0.01) on TVFA in the feed of dairy cattle. The means of VFAP ranged from 93.5 to 164 mM (Table 1 ). The results of Prayitno et al. (2014) showed that the means of TVFA were approximately equal, namely 86.40-187.40 mM compared to the addition of red betel leaf extract in this study. The decrease of TVFAP was assumed to be due to the secondary metabolites in the red betel leaf extract in the forms of flavonoids (myricetine) that are capable of suppressing the microorganisms that produce the TVFA. The antibacterial compounds in the betel was assumed to be the cause of the low TVFA concentration. The compounds may inhibit the activity of the rumen bacteria. Sewet (1997) stated that was in line with this study; the concentrations of VFA in the rumen fluid is able to express one of the indicators of ruminal fermentation of feeds that has very close relationship with rumen microbial activity. Orthogonal polymonial analysis of this study revealed that the response of CH4 production to the addition of red betel leaf extract into the feed of dairy cattle was expressed in a quadratic curve, Y = 162.629 -0.319 X+ 0.027 X2 with a determination coefficient (R2) = 76.87%, which indicated that the addition of red betel leaf extract contributed to the CH4 production as much as 76.87%, and the rest was the effects of other, undetected factors.
Conclusions
The addition of red betel leaf (Piper crocatum) extract in dairy cattle feed up to the level of 60 ppm tended to decrease digestibility (dry matter and organic matter), Volatile Fatty Acids production, total gas production and methane gas production by in vitro.
